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(57) ABSTRACT 

Aphotoresist pattern is formed on an insulating substrate so 
that it has a reverse tapered cross section and a reverse 

pattern of a Wiring pattern to be formed. Next, a nanopar 
ticles-containing ink is injected on a Wiring region using an 
inkjet system, followed by a leveling process, a drying 
process, a resist separation process and a baking process. 
Thus a Wiring pattern is formed. 
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METHOD OF FORMING WIRING PATTERN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of form 
ing a Wiring pattern on panel substrates of display devices 
such as liquid crystal display devices and plasma displays. 
Speci?cally, the present invention relates to a method of 
forming a Wiring pattern using inks containing metallic 
nanoparticles. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, various processes, that is, a sput 
tering process, a photolithography process and an etching 
process are used to form a Wiring pattern on substrates that 
are used for liquid crystal display devices and the like and 
include thin ?lm transistors (TFTs) arranged in an array. 

[0005] For example, the sputtering process is the process 
for adhering a metal ?lm or the like, constituting a Wiring 
pattern, to the substrate, and the photolithography process is 
the process for forming a predetermined pattern for a Wiring 
pattern. In addition, the etching process is the process for 
removing unnecessary portions While leaving necessary 
portions that Will constitute the Wiring pattern. 

[0006] When TFTs are intended to be formed on the 
substrate in this Way, the manufacturing cost is increased due 
to the use of vacuum systems in the sputtering process. As 
an alternative to the above-described method of forming a 
Wiring pattern, the technique disclosed in Japanese Laid 
Open No. 2001-35814 (hereinafter referred to as patent 
document 1) is knoWn, Which is the method of applying a 
metallic nanoparticles-containing ink onto a substrate. The 
metal nanoparticles are conductive ultra?ne particles (here 
inafter referred to as nanoparticles) With particle diameters 
of the order of nanometer (1 nm=0.001 pm). 

[0007] FIGS. 1A to 1E are cross-sectional vieWs of prin 
cipal portions of a substrate, Which are shoWn in order of 
production process, for explaining the technique of forming 
a Wiring pattern disclosed in patent document 1. First, an ink 
31 containing Ag and Pd nanoparticles is applied on a 
substrate 1 by a spin coating. The ink 31 applied is then dried 
to form a thin ?lm 32. Next, as shoWn in FIG. 1B, an etching 
process is performed on the thin ?lm 32 in such a Way as to 
only leave necessary portions intact. Thus, a photoresist 2 
With an Wiring pattern is formed on the thin ?lm 32. Next, 
as shoWn in FIG. 1C, using the photoresist 2 as a mask, 
unnecessary portions of the thin ?lm 32 is removed by 
etching. And then, as shoWn in FIG. 1D, the photoresist 2 on 
the thin ?lm 32 is removed. Subsequently, When the sub 
strate 1 is baked in a furnace as shoWn in FIG. 1E, the thin 
?lm 32 is baked, and a Wiring 33 is formed Which is 
composed of a thin ?lm made of an alloy of Ag and Pd. 

[0008] In the above-described method of forming a Wiring 
pattern disclosed in patent document 1, an ink material is 
applied on the entire surface of the substrate, and therefore 
the manufacturing cost is increased. 

[0009] Hence, in order to achieve reduction in the manu 
facturing cost by reducing the amount of nanoparticles 
containing inks to be used, an inkj et system is employed that 
enables local application of inks. HoWever, this inkjet sys 
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tem has poor accuracy in positioning of inks, and is not 
generally suited for the formation of ?ne patterns. 

[0010] In order to solve the conventional problems, J apa 
nese Patent Laid-Open No. 2003-188497 (hereinafter 
referred to as patent document 2) discloses a technique in 
Which a Water repellent ?lm is formed. 

[0011] The technique disclosed in patent Document 2 
involves: after forming a Water repellent ?lm on a substrate, 
removing the Water repellent ?lm formed on the Wiring 
forming regions by irradiating it With laser beams; and 
applying, using an ink jet system, a nanoparticles-containing 
ink onto regions Where the Water repellent ?lm has been 
removed. 

[0012] FIGS. 2A to 2E shoW cross-sectional vieWs of the 
principal portions of the substrate, Which are shoWn in order 
of production process, for explaining the technique of form 
ing a Wiring pattern disclosed in patent document 2. First, a 
Water repellent ?lm 4 such as ?uorine resin is formed on the 
surface of the substrate 1, as shoWn in FIG. 2A. Next, as 
shoWn in FIG. 2B, a laser beam 5 is irradiated on the surface 
of the substrate 1 in accordance With an Wiring pattern to be 
formed. As a consequence, the portions of the Water repel 
lent ?lm 4, irradiated With the laser beam 5, are removed. 
Thus, the surface of the substrate 1 is exposed. Next, as 
shoWn in FIG. 2C, When the exposed surface is roughened, 
the surface of the substrate 1 is cleaned to remove scrap 
pieces of the substrate 1, folloWed by drying of the surface 
of the substrate 1. Next, as shoWn in FIG. 2D, using an 
inkjet system, a jet of the nanoparticles-containing ink 31 is 
directed at regions Where the Water repellent ?lm 4 has been 
removed. In the draWing process in Which the ink 31 is 
injected, an inkjet apparatus equipped With inkjet noZZles is 
used to direct a jet of the nanoparticles-containing ink at the 
surface of the substrate 1, and thereby a conductive circuit 
pattern is formed. The conductive circuit pattern is draWn by 
driving the XY table according to the Wiring pattern to be 
formed on the substrate 1. Even When the nanoparticles 
containing ink 31 lies off the regions Where the Water 
repellent ?lm 4 has been removed, the hydrophobic prop 
erties of the Water repellent ?lm 4 alloWs the nanoparticles 
containing ink 31 to move to the Wiring regions. While 
maintaining this state, the formed pattern is dried. Thereaf 
ter, as shoWn in FIG. 2E, the Water repellent ?lm 4 on the 
substrate 1 is removed by cleaning, and then the substrate 1 
is dried. Subsequently, the ink 31 formed on the Wiring 
region is subjected to a baking treatment, Whereby a Wiring 
pattern is formed. 

[0013] In patent document 1 described above, after apply 
ing the nanoparticles-containing ink onto the substrate by 
spin coating, a photolithography process and an etching 
process are adopted for the formation of a Wiring pattern. 

[0014] For this reason, consumption of materials may be 
increased When the ink is applied by spin coating, and the 
ink may be applied on the unnecessary portions of a sub 
strate. Thus, materials are not efficiently used and the 
manufacturing cost is increased. 

[0015] In such cases, inkjet systems can be used to apply 
the nanoparticles-containing ink onto only Wiring portions, 
and thus ‘materials’ can be used more ef?ciently. HoWever, 
conventional inkjet systems have poor accuracy in position 
ing of inks, and are not suited for the formation of ?ne 
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Wiring patterns. Moreover, in patent document 2, a Water 
repellent ?lm is formed on the surface of the substrate to 
form a ?ner pattern by using an inkjet system in order to 
relax the accuracy in positioning of the ink. HoWever, in 
patent document 2, a laser beam is directly irradiated onto 
the Water repellent ?lm to form a pattern. Accordingly, there 
is a problem that the shape and thickness of the Water 
repellent ?lm that needs to be removed cannot be controlled 
accurately. As a result, the shape of a Wiring pattern, 
re?ecting the portions of the Water repellent ?lm that have 
been removed, cannot be controlled accurately. 

[0016] In addition, When multilayered Wiring patterns are 
to be formed, a Wiring pattern in the loWer layers are 
damaged by the laser beam, and voids are generated in 
insulating ?lms provided betWeen the upper and loWer 
layers of a Wiring pattern. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides a method of form 
ing, using an ink material containing nanoparticles, a Wiring 
pattern on panel substrates of display devices such as liquid 
crystal display devices and plasma displays. 

[0018] The present invention provides a method of form 
ing a ?ne Wiring pattern using an inkjet system in Which an 
ink material containing nanoparticles is used ef?ciently. 

[0019] The method of the present invention for forming a 
Wiring pattern includes: partitioning the insulating substrate 
into Wiring regions using a photoresist; and drawing an 
Wiring pattern on the Wiring regions by injecting an ink 
Which contains metallic nanoparticles thereon. 

[0020] In the method of the present invention for forming 
a Wiring pattern, a pattern of the photoresist, formed on the 
substrate, is formed to have a reverse tapered cross-section 
in the step of forming Wiring regions. 

[0021] In the method of the present invention for forming 
a Wiring pattern, either a positive photoresist or a negative 
photoresis can be employed as the photoresist. 

[0022] In the method of the present invention for forming 
a Wiring pattern, the step of draWing a Wiring pattern 
includes: injecting a jet of a nanoparticles-containing ink on 
the Wiring regions; leveling the ink injected on the Wiring 
region; drying the ink Which has been leveled; separating the 
photoresist from the substrate; and baking the ink on the 
Wiring regions. 
[0023] In the method of the present invention for forming 
a Wiring pattern, the photoresist may be composed of a 
layered ?lm in Which a plurality of photoresists With differ 
ent light sensitivities is laminated. 

[0024] When the layered ?lm is composed of positive 
photoresists, the layered ?lm is con?gured to include posi 
tive photoresists that are arranged to have increasing sensi 
tivity toWard the insulating substrate. Thus, a photoresist 
pattern can be formed to have a reverse tapered cross 
section. 

[0025] MeanWhile, When the layered ?lm is composed of 
negative photoresists, the layered ?lm is con?gured to 
include negative photoresists that are arranged to have 
decreasing sensitivity toWard the insulating substrate. Thus, 
a photoresist pattern can be formed to have a reverse tapered 
cross section. 
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[0026] In the method of the present invention for forming 
a Wiring pattern, the photoresist can be formed to have a 
reverse tapered cross-section. 

[0027] Thus, it is possible to reduce the in?uence on the 
accuracy in positioning of the inks, to form a ?ne Wiring 
pattern using an inkjet system, and to use an ink material 
more ef?ciently. 

[0028] Furthermore, the method of the present invention 
for forming a Wiring pattern alloWs the photoresist to have 
a reverse tapered cross-section, and therefore the Wiring 
pattern can be formed to have forWard tapered cross-sec 
tions. 

[0029] In this Way it is possible to prevent generation of 
voids in ?lms provided betWeen layers that are arranged 
above the layer Where the Wiring pattern in question are 
formed. Also, it is possible to prevent breakage of a Wiring 
pattern that are provided in upper layers of the Wiring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description When taken in con 
junction With the accompanying draWings Wherein: 

[0031] FIGS. 1A to 1E are cross-sectional vieWs of prin 
cipal portions of a substrate, Which are shoWn in order of 
production process, for explaining one example of a con 
ventional method of forming a Wiring pattern; 

[0032] FIGS. 2A to 2E shoW cross-sectional vieWs of 
principal portions of a substrate, Which are shoWn in order 
of production process, for explaining another example of a 
conventional method of forming a Wiring pattern; 

[0033] FIGS. 3A to 3F shoW plan vieWs of principal 
portions of a substrate, Which are shoWn in order of pro 
duction process, for explaining a typical ?rst embodiment of 
the method of the present invention for forming a Wiring 
pattern; 

[0034] FIGS. 4A to 4F shoW cross-sectional vieWs of 
principal portions of the substrate, taken along the same line 
as 1-1 line shoWn in FIG. 3A and respectively corresponding 
to the principal portions shoWn in FIGS. 3A to 3F; and 

[0035] FIG. 5 shoWs a cross-sectional vieW of principal 
portion of a substrate for explaining a typical second 
embodiment of the method of the present invention for 
forming a Wiring pattern. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] The method of the present invention for forming a 
Wiring pattern includes the steps of: applying a photoresist 
on an insulating substrate to partition it into Wiring regions; 
and draWing an Wiring pattern by injecting a jet of a 
nanoparticles-containing ink onto the Wiring regions. 

[0037] The photoresist, used to partition the insulating 
substrate 1 into the Wiring regions, is formed to have a 
reverse tapered cross section. As a consequence, the a Wiring 
pattern, formed of a nanoparticles-containing ink, are 
formed to have forWard tapered cross-sections. 
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[0038] The method of the present invention for forming a 
Wiring pattern is described in detail on the basis of typical 
embodiments beloW. 

Exemplary Typical Embodiment 1 
[0039] Hereinafter, a ?rst embodiment of the present 
invention Will be described With reference to the drawings, 
in Which the formation of a gate Wiring on a panel substrate 
of a liquid crystal display device is taken as an example. 
First, as shoWn in FIGS. 3A and 4A, a photoresist 2 having 
a pattern as shoWn is formed on an insulating substrate 1 
such as a glass substrate to partition it into an Wiring region 
10 for a gate Wiring. This process is the ?rst step of forming 
a Wiring pattern, and is a lithography process through Which 
the Wiring region 10 is formed on the insulating substrate 1, 
the entire surface of Which has been coated With the pho 
toresist 2, by irradiating it With light or laser beams. 

[0040] The photolithography process includes an applica 
tion step of applying the photoresist 2 onto the entire surface 
of the substrate 1, an exposure step of exposing the photo 
resist 2, corresponding to regions other than the Wiring 
region 10, to light, and a development step. 

[0041] A negative photoresist is used for the photoresist 2, 
and is formed on the insulating substrate 1 in a thickness of 
5 to 10 pm. After the exposure step, the portions of the 
negative photoresist, corresponding to the Wiring region 10 
(i.e., the portions Where light or the like has not been 
applied), are removed in a developer. In other Words, the 
photoresist formed in the Wiring regions completely dis 
solved into the developer. Here, the surface of the photore 
sist is hardened Widely by strong light, Whereas a photoresist 
near the surface of the insulating substrate 1, Where light 
cannot reach readily, is hardened more narroWly compared 
With the surface of the photoresist. For this reason, the 
photoresist 2 left on the insulating substrate 1 has a reverse 
tapered cross-section. As a result, a Wiring pattern can be 
formed to have forWard tapered cross-sections in the ?nal 
process. 

[0042] Next, as shoWn in FIGS. 3B and 4B, an ink 31 
containing aluminum nanoparticles With an average particle 
diameter of 1 to 100 nm is applied on the Wiring region 10 
as an Wiring material for gate a Wiring pattern. Here, the ink 
31 is applied so that its thickness is in a range of 3 to 5 pm 
after dried. 

[0043] This process is the ink injection process, Which is 
the second step for the formation of a Wiring pattern. In this 
process, using an inkjet system, a jet of the ink 31 containing 
predetermined nanoparticles is directed onto the Wiring 
regions 10. The use of the inkjet system prevents the 
nanoparticles-containing ink 31 from being applied to 
unnecessary portions, and therefore materials can be used 
ef?ciently. In this Way it is possible to achieve reduction in 
the manufacturing cost of a Wiring pattern. 

[0044] Moreover, at the same time, the photoresist 2 left 
on the inslulation substrate 1 serves as a frame for prevent 
ing the ink 31 from draining aWay. Thus, the accuracy in 
positioning of the ink may be not concerned. Note that, in 
addition to the nanoparticles described above, nanoparticles 
made of any one of Au, Ag, Cu, Pt, Pd and Ni, or nanopar 
ticles made of an alloy of tWo or more types of metals 
selected from Au, Ag, Cu, Pt, Pd, Ni and Al can be used. A 
nanoparticles-containing ink 31 should have a viscosity of 5 
to 30 mPa-S at 20° C. 
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[0045] Next, as shoWn in FIGS. 3C and 4C, the ink 31 is 
leveled. This process is the third step for the formation of a 
Wiring pattern, a leveling process for smoothing the surface 
of the nanoparticles-containing ink 31 present in the Wiring 
region 10. The process is performed in order to pour the 
nanoparticles-containing ink 31 into portions Where the ink 
31 has not been applied even by inkjet. Various methods can 
be adopted for the leveling process, and one example 
involves keeping the substrate at rest in a horiZontal position 
over a predetermined period of time under the atmosphere. 

[0046] Next, as shoWn in FIGS. 3D and 4D, the ink 31 is 
dried. Reference numeral 32 denotes the ink after it has been 
dried. This process is an ink-drying process, the fourth step 
for the formation of a Wiring pattern. In this process, a 
solvent in the nanoparticles-containing ink 31 present in the 
Wiring region 10 is removed. The removal of the solvent can 
be achieved simply by alloWing the substrate to stand in the 
air at room temperature. Alternatively, heating means may 
be used. 

[0047] Next, as shoWn in FIGS. 3E and 4E, the photo 
resist 2 on the insulating substrate 1 is removed. This 
process, the ?fth process for the formation of a Wiring 
pattern, is a resist separation process for removing the 
photoresist 2 on the insulating substrate 1 and the unneces 
sary, dried ink 32 on the photoresist 2 While leaving the dried 
ink 32 on the Wiring regions 10. In this resist separation 
process, organic solvents are used to separate the photore 
sist. 

[0048] Next, as shoWn in FIGS. 3F and 4F, the dried ink 
32 is baked to form an Wiring pattern 33 (gate Wiring). This 
process, the sixth step for the formation of a Wiring pattern, 
involves placing the insulating substrate 1 into a furnace and 
baking the dried ink 32 at 500° C. or less, preferably at 150 
to 350° C. Thus, the Wiring pattern 33 is formed. 

[0049] In this embodiment, the photoresist 2 having a 
reverse tapered cross section is formed on the insulating 
substrate 1 to serve as a frame, as described above. A jet of 
the nanoparticles-containing ink 31 is applied and coated on 
the insulating substrate 1 by the inkjet system. For this 
reason, materials can be used more ef?ciently, and the 
in?uence on the accuracy in positioning of the ink by inkjet 
can be reduced. 

[0050] In addition, the photoresist 2 is formed to have a 
reverse tapered cross-section, Which in turn makes it pos 
sible to alloW a Wiring pattern to be formed in forWard 
tapered shapes. The forWard tapered shapes of a Wiring 
pattern can reduce voids (defects) generated in ?lms pro 
vided betWeen layers that are arranged above the layer 
Where the Wiring pattern in question are formed. Thus, it is 
possible to prevent breakage of a Wiring pattern that are 
provided above the layer Where the Wiring pattern in ques 
tion are formed. 

[0051] In the example mentioned above, a photoresist With 
a single layer has been used. HoWever, a photoresist With 
tWo or more layers can be formed. In this case, either a 
negative photoresist or a positive photoresist may be used. 

[0052] An example in Which a positive photoresist is used 
is described beloW. 

Exemplary Typical Embodiment 2 

[0053] Next, a second embodiment of the method of the 
present invention for forming a Wiring pattern Will be 
described With reference to FIG. 5, in Which the formation 
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of a gate Wiring on a panel substrate of a liquid crystal 
display device is taken as an example. In this embodiment, 
as shown in FIG. 5, only the cross-sectional vieWs of a 
substrate 1 and a photoresist are shoWn, Which are equiva 
lent to those shoWn in FIG. 4A, described in the ?rst 
embodiment. Because the cross-sectional vieWs of the sub 
strate 1, a photoresist formed thereon, and an Wiring formed 
of an ink are similar to those described in FIGS. 4B to 4F, 
they are not illustrated in FIG. 5. 

[0054] In the ?rst embodiment, a negative photoresist With 
a reverse tapered cross section is used as the photoresist 
applied on the insulating substrate 1 in the photolithography 
process as the ?rst step. In this embodiment, instead of using 
this negative photoresist, a positive photoresist is used. 
Speci?cally, in this embodiment, a high-sensitive positive 
photoresist 2A is applied on the entire surface of the insu 
lating substrate 1 at the ?rst place in the photolithography 
process as the ?rst step, and then a loW-sensitive positive 
photoresist 2B is applied thereon. The total thickness of the 
photoresists 2A and 2B is set to about 10 pm. In this state, 
the Wiring regions 10 are eXposed to light. These photore 
sists 2A and 2B form a tWo-layered positive photoresist 2C. 
The layered positive photoresist 2C is a photosoluble resist, 
and the portions irradiated With light are removed in a 
developer. 
[0055] To sum up, in the nagative photoresist of the ?rst 
embodiment resist regions other than the pattern Which 
constitutes the a Wiring pattern are irradiated With light, 
Whereas in this positive photoresist 2C only pattern regions 
constituting a Wiring pattern are required to be irradiated 
With light. 

[0056] Moreover, the reason Why the high-sensitive posi 
tive photoresist 2A is provided immediately above the 
substrate in this embodiment, is to alloW the entire photo 
resist to have a reverse tapered cros-ssection. The structure 
of this layered photoresist is not limited to a tWo-layered 
structure, and the layered photoresist may be formed of a 
plurality of layers, that is, three or more layers. In other 
Words, any number of positive photoresists may be lami 
nated to form a layered photoresist as long as it has a 
structure in Which a positive photoresist With the highest 
sensitivity is provided at the position closest to the substrate 
and positive photoresists are arranged in the order of 
decreasing sensitivity toWard upper layers. Also in this 
embodiment, the inkjet system is employed in the ink 
injection process Which is folloWed by the photolithography 
process. In this Way materials can be further used ef?ciently, 
Which reduces the manufacturing cost. Furthermore, the 
tWo-layered photoresist is formed to have a reverse tapered 
cross section to serve as a frame. 

[0057] Thus, it is possible to form a ?ne pattern by 
reducing the in?uence on the accuracy in positioning of the 
ink by inkjet, and to alloW a Wiring pattern to have forWard 
tapered cross-sections. 

[0058] In the second embodiment described above, a 
tWo-layered positive photoresist has been adopted for a 
photoresist. HoWever, the same effect Will be realiZed by 
using a tWo-layered negative photoresist. In such a case, a 
loW-sensitive negative photoresist is applied on the entire 
surface of a substrate, and then a high-sensitive negative 
photoresist is applied thereon. Speci?cally, When a layered 
negative photoresist is used, photoresist portions corre 
sponding to regions other than Wiring regions 10 are irra 
diated With light. Here, the photoresist provided in the upper 
layer is a high-sensitive resist and therefore hardened so that 
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the Wiring regions become large, and the photoresist pro 
vided in the loWer layer is a loW-sensitive photoresist and 
therefore hardened so that the Wiring regions become small. 
Thus, the entire negative photoresist is formed to have a 
reverse tapered cross-section in a developing step. Also 
When the tWo-layered negative photoresist is used, the same 
effect as that realiZed by the tWo-layered positive photoresist 
can be realiZed. 

[0059] While this invention has been described in connec 
tion With certain preferred embodiments, it is to be under 
stood that the subject matter encompassed by Way of this 
invention is not to be limited to those speci?c embodiments. 

[0060] On the contrary, it is intended for the subject matter 
of the invention to include all alternative, modi?cation and 
equivalents as can be included Within the spirit and scope of 
the folloWing claims. 

1. A method of forming an Wiring on an insulating 
substrate using a nanoparticles-containing ink, comprising: 

partitioning the insulating substrate into Wiring regions 
using a photoresist ?lm; and 

draWing an Wiring pattern on the insulating substrate by 
injecting an ink Which contains metallic nanoparticles 
thereon, 

Wherein a pattern of the photoresist ?lm Which partitions 
the insulating substrate into the Wiring region is formed 
to have a reverse tapered cross section. 

2. The method according to claim 1, Wherein an inkjet 
system is employed as a method of injecting the metallic 
nanoparticles on the Wiring region. 

3. The method according to claim 1, Wherein a negative 
photoresist is employed as the photoresist ?lm. 

4. The method according to claim 1, Wherein the method 
of draWing a Wiring pattern comprises: 

injecting a jet of a nanoparticles-containing ink on the 
Wiring region; 

leveling the ink formed on the Wiring region; 

drying the ink Which has been leveled; 

separating the photoresist ?lm from the substrate; and 

baking the ink on the Wiring region. 
5. The method according to claim 1, Wherein the photo 

resist is a layered ?lm of at least tWo photoresists With 
different light sensitivities. 

6. The method according to claim 5, Wherein the layered 
?lm, composed of the photoresists, is a positive photoresist 
in Which the photoresist ?lms are arranged in the order of 
increasing sensitivity toWard the insulating substrate. 

7. The method according to claim 5, Wherein the layered 
?lm, composed of the photoresists, is a negative photoresist 
in Which the photoresist ?lms are arranged in the order of 
decreasing sensitivity toWard the insulating substrate. 

8. The method according to claim 1, Wherein the metallic 
nanoparticles contained in the ink have an average particle 
diameter of 1 to 100 pm. 

9. The method according to claim 1, Wherein the metallic 
nanoparticle contained in the ink is at least one type of 
metallic particles selected from Au, Ag, Cu, Pt, Pd, Ni and 
Al. 


